Innovation is a major driving force for the economic growth and expansion of companies and the need to innovate has become clear by now. The quality of the decisions during the design phase of a product development process is strongly connected with the assessment of the product, process and organisational innovation dimensions. The developed methodology addresses these three axes, using 30 innovation attributes, in order to obtain a product innovation profile through an innovation survey. This way a range of industry standard Innovation scores called PIP-SCORES (Product Innovation Profile scores -or innovation benchmarks) have been established. So far more than 600 companies coming from a range of industrial sectors that include creative industries, electrical/electronic, fire and safety, footwear, plastics, ceramics and textiles, have participated in this survey and their innovation profiles have been included in the database. The proposed tool benchmarks the product innovation profile of a company with the corresponding innovation scores from companies coming from the same sector. Next, the tool utilises a Design Structure Matrix, for mapping the dependencies between the Innovation Attributes. Furthermore an Innovation Improvement Impact Value for each Attribute is introduced. In order to improve the innovative profile of a company, a considerable amount of resources is needed. Provided that resources are usually limited to most companies, an optimal improvement strategy, based on the Innovation Improvement Impact values is proposed. The proposed tool (I-DSM, Innovation -Design Structure Matrix) aims at improving the innovative performance of a company, by minimizing the product development cycle and by improving the performance of the product development process.
INTRODUCTION
Innovation is a major driving force for the economic growth and expansion of companies. The globalization of markets has raised strong competitive pressures. The rapid evolving technology, the fast changing markets and the more demanding customers, require developing high quality new products more efficiently and effectively. Taken that every firm can be represented as a bundle of resources, skills and competencies [1] , the effect of innovation is to transform a firm's inner capabilities, making it more adaptive, better able to learn, to exploit new ideas. Developing high quality products more efficiently and effectively tops the competitive agenda for senior managers around the world. The rapid evolution of marketable technologies -a key source of competitiveness -is entirely dependent on a company's ability to effectively manage its product development.
This paper presents the Product Innovation Profile Methodology, which measures the innovative performance of a company and the I-DSM tool, which is a novel application approach of a Design Structure Matrix and aims at providing an optimum Innovation Improvement Strategy.
MEASURING AND BENCHMARKING INNOVATION
Since the importance of innovation is by now very clear, one major issue is how can we measure innovation? Many studies have focused in this issue, but the measurement of innovation is still clouded with statistical and conceptual problems. Prior research on innovation measurement has not clearly distinguished between newness as unfamiliarity, as lacking fit with existing competences, or as implying new types of activity [2] . The main problems in measuring innovation are the lack of correspondence between the economic significance on the one hand and the scientific and technological significance on the other hand. Furthermore it is difficult to identify a relationship between resources devoted to certain scientific and technological projects and their economic returns [3] .
Since now the most commonly used measures of innovative activities are: R&D expenditures, patent counts and counts of major or minor innovations, but both of them have some weaknesses. R&D numbers measure only an input, which has no necessary relation to innovation outcomes. Patent data can be retrieved in the records of US Patent Office and the European Patent Office. The weaknesses of patent measuring are that each country has a different patent legislation, not all inventions are patent or patentable and patents do not necessary represent a commercially exploited innovation [3] .
There is a huge increase in the usage of innovation surveys during the last years. Innovation surveys can be used as tools to analyse the innovative activities, assessing innovation of firms and explore their practices [4] . In general there are two approaches to collect innovation data. The first approach is the object approach and collects information on the level of individual innovation i.e. information on the output of the innovation process. This approach may have the advantage of representing a direct measure of innovation due to that only the significant innovations are recorded, but it is very difficult to develop comparable databases internationally. The second approach, the subject approach, collects information at the level of the firm, i.e. information on the input of the innovation process and can cover this way a wider range of issues. It can record information on the impact of innovation, on successful and unsuccessful innovative activities in innovating and noninnovating firms. This method usually utilises questionnaires or direct interviews. Although self-assessment measures may be prone to bias, they are the most commonly used form of performance assessment because the presumably more objective accounting measures and sources can also be biased [5] . Furthermore these perceptual measures have been shown to be reliable [6] .
Basic guiding lines for developing an innovation survey are included in the Oslo Manual [7] . The manual recommends the subject approach to use when conducting innovation surveys and since then this approach has become dominant. The methodology suggested in the manual was used by Eurostat and the European Innovation Monitoring System within the European Commission, which since now has implemented three Community Innovation Surveys. (CIS1: 1994-1995, CIS2 1999-2000 and CIS 3 started in 2001).
Results from these surveys showed that respondents do not yet have a consistent understanding of the concept of innovation, which varies form one industrial sector to the other [8] . One basic outcome of the Oslo Manual is that innovation is problematic to define precisely. In practice survey research must be based in a relatively short definition and accept the fact that the respondents will use varying interpretations [9] . The questionnaire design in crucial for the quality of the data collected.
Benchmarking provides to a firm a useful tool for allowing them to compare their performance relative to an average or to other firms. Despite benchmarking has become very popular in successful firms it remains a relatively underused tool in the field of innovation [10] . A vast number of studies identified success or failure factors in product development, but few have tried to incorporate innovation to performance benchmarking. As an exception we can refer Coopers studies [11, 12] who uses benchmarking to identify critical success factors that set successful companies apart from the not so successful ones. One main feature that appears in benchmarking and related studies within the innovation is the bias towards quantitative definition of best practices rather than softer definition. Some researchers try to illustrate the need to break away from sole reliance on hard metrics of benchmarking measurement to a soft metrics or to more balanced use of soft and hard metrics [10] .
The product innovation profile approach which will be described in the next session is a method for measuring innovation, based on a subject approach innovation survey. The methodology uses qualitative measures and distinguishes different company sectors for innovative performance benchmarking.
THE PRODUCT INNOVATION PROFILE APPROACH
All initiatives on improving the innovation within the organization in the past, have addressed ways of improving the product innovation process, through a wide spectrum of methods, techniques and tools without quantifying the degree of change of "innovativeness". The innovation process is iterative in nature and thus, automatically includes the first introduction of a new innovation and the reintroduction of an improved innovation. This iterative process implies varying degrees of innovativeness [13] .The Product Innovation Profile (PIP) approach is a methodology, which is used to position an organization in terms of its level of product innovation maturity [14, 15] .
The PIP methodology addressees 3 axis of innovation: 1. The product axis: the renewal, enlargement and improvement of the range of products 2. The process axis: the establishment of new methods of production, design, supply and distribution 3. The management axis: the introduction of changes in management, organisation design, the working conditions and skills of the workforce Product Innovation occurs when a new or improved product is introduced to the market. Process innovation is an adoption of new ways of making products or services. The innovation process is the combination of activities -such as market research, communication, design, process development and so on -which are necessary to develop and support an innovative product. There is a strong correlation between product innovation and process innovation. Process innovation may result in product innovation and similarly, product innovation may force process innovation. Organizational innovation follows these two dimensions. Since now innovation surveys discount the importance of role of organisation in innovation. They focus instead on the process of technology acquisition and sources of information for innovation [4] . Recent studies also emphasises the need to broaden the concept of innovation, ie., should organisational change be included? [16] .
Since now there are no initiatives or schemes, which have addressed all three dimensions, in a holistic approach to a company innovation and attempted to resolve them in order to determine their independency. Not in any case has the emphasis of the research been placed on 'what is the value, level of the innovation within an organisation considering their products, innovation process and project management of the process?' [14] .
The PIP methodology utilises ten attributes for each axis (table 1). The range for each attribute is between 0 and 4 having discrete fraction of 0.1. There is one question that corresponds to each innovation attribute in the survey. By resolving the above three axes values a PIP SCORE is obtained. This value represents the "innovationness" of the company in a specific sector (figure 1).
Figure 1. The Product Innovation Profile Concept
Scoring on these 3 axes is at the heart of creating a replicable innovation register and benchmark. The approach itself focuses on using non-intrusive assessment and diagnostics methods and techniques to examine the organization and determine their level of innovation in respect of product and/or service development. The company's current "position" is then evident together with the capability to set targets whereby the enterprise can improve such a score / profile and benefit from this initiative. Previous experience, piloting such techniques,
day (or less). Designing a framework of improvement of this scoring can either be very general and could be done within a single day, but its application is recursive and there are many dependencies. We propose the DSM approach to model the improvement phase, which can take more time but it can have high impact on the results.
Table 1: The Innovation Attributes (IA) of each dimension
So far more than 600 companies coming from a range of industrial sectors that include creative industries, electrical/electronic, fire and safety, footwear, plastics, ceramics and textiles, have participated in the PIP survey and their innovation profiles have been included in the database. The results indicated that the principles were sound and that the approach had great value because:
• An initial innovation register and profile is obtained • A degree of change can be measured after intervention(s) (ie. implementation of attribute or property) against the original register and profile • Registers can be established for companies of similar topologies and sectors and can be characterised as benchmarks for best practice. The basic goal of the model is to improve the innovative performance of the company. In order to improve any of Innovative Attributes that construct the Innovation Profile of a company, a considerable amount of resources is needed, including special tools and techniques, special training, usage of experts or consultants, new cooperation's, etc. Provided that resources are usually limited to most companies, an optimal improvement selection strategy must be developed. For this reason a new Tool, the Innovation Design Structure Matrix tool is introduced.
THE DESIGN STRUCTURE MATRIX MODELING METHOD
The Design Structure Matrix or Dependency Structure Matrix (DSM) is a generic matrix-based framework for information flow analysis [17] . DSM is a useful tool for analyzing highly complicated dependencies, inclusive of feedback and coupled tasks. The last decade the method received increased attention and is applied to the product development process as a powerful management tool [18] [19] .
DSM is constructed by listing all the system elements on the rows and in the same order on the columns resulting in a square matrix. Next, dependency relations between the system elements are represented in the matrix. These dependency relations can be indicated by symbol (e.g. X), or by a numerical value which expresses the level of dependency between the elements (figure 2).
Figure 2: An example of a Design Structure Matrix
Based on the type of the elements that are included, the DSM can be categorized to [20, 21] based on design decisions and parameters, systems of equations, subroutine parameter exchanges, etc. This paper proposes a novel application approach of the DSM methodology, based on the Innovation Attributes that construct the Product Innovation Profile of a Company.
A STRATEGY FOR IMPROVING INNOVATIVE PERFORMANCE -THE I-DSM TOOL
The basic goal of the I-DSM (Innovation Design Structure Matrix) tool is to improve the innovative performance of the company, which is assessed by the Product Innovation Profile methodology. In order to improve any of the Innovation Attributes that construct the Product Innovation Profile, a considerable amount of resources is needed. These resources are usually limited, so an optimal improvement selection strategy must be developed.
Statistical analysis in the PIP database indicated strong correlation between the three innovation dimensions. For example high level of correlation was shown between the management and process axis ( figure 3) . The results show that in general higher mean scores in one category tend to result in higher mean scores in the others for a particular company, i.e. a high management score tends to result in a high product and process score for a company. This can be rationalized. In general companies who are highly innovative tend to be innovative in all three areas of product, management and process. This makes sense as a highly innovative management system in a company is likely to affect and push through to other company areas making it innovative as a whole. This can be used to support the assumption that if the product score is low, the management is likely to be low and the process low/medium. Further statistical analysis showed various levels of correlation between the individual Innovation Attributes (figure 4). In addition groups of product development experts, categorized to company sectors according to the PIP methodology indicated dependencies between the Innovation Attributes ( figure 5 ). This dependency matrix is not symmetric, i.e. by improving the IA(i) may effect the IA(j), but the opposite reaction is not always valid. For example by improving IA(16) "idea generation technique" may have a strong positive effect to IA(2): "easy appeal to target groups", but this can not be claimed for the vice-versa effect. Furthermore Innovation Attributes from the Management axis, have stronger effect to the Innovation Attributes of the other two axes.
The combination of these two matrixes provides input data for the Innovation Design Structure Matrix (I-DSM) (figure 6). The Improvement Impact value, II(i) of an IA(i), tends to capture the following observations in a mathematical form:
1. There is no improvement impact value to an IA that has the highest Innovation Score (4). 
where: 
IC(i)=(4-IS(i)/4) D(i,j):
The level of Dependency of IA(j) from IA(i)
The Improvement Impact of an IA(i) can take a value between 0, when none of the rest of the Innovation Attributes are depended from the IA(i) and 1 when all the rest of the Innovation Attributes, have maximum improvement capacity and are strongly depended by the IA(i).
The model indicates the optimum sequence for improving the IAs, starting with the IA which has the highest Innovation Improvement Impact. A degree of improvement of the 3 innovation axis and of the total innovation profile score can be calculated and benchmarked against the scores from companies coming from the same sector.
CONCLUSIONS AND FUTURE RESEARCH
The I-DSM tool is a novel application approach of the DSM, which is based on Innovation Attribute data. The DSM methodology is a powerful tool for visualizing and indicating the dependencies between the Innovation Attributes. The model introduces an Innovation Improvement Impact value for each Innovation Attribute and aims at providing an optimum strategy for improving the innovative performance of a company.
Case studies from the PIP methodology database indicated that Innovation Attributes with the lowest scores have not always the highest Innovation Improvement Impact. Furthermore there are cases where Innovation Attributes with low Improvement Capacity have surprisingly high Improvement Impact.
Future research will include mapping of the Innovation Attributes with the Product Development Activities. This way an Activity-Based DSM can incorporate innovation performance data and the effect of the proposed I-DSM methodology to the Activities costs and duration can be studied. 
